Objectives: To determine the racial disparities in severe sepsis hospitalizations and outcomes in U.S. academic medical centeraffiliated hospitals. Design: Retrospective analysis of sepsis hospitalizations. Settings: U.S. academic medical center-affiliated hospitals participating in Vizient Consortium from 2012 to 2014. Patients: Sepsis hospitalizations using International Classification of Diseases, Ninth revision, discharge diagnoses codes defined by the Angus method. Interventions: None. Measurements and Main Results: We compared rates of sepsis hospitalization, ICU admission, organ dysfunction, and hospital mortality between blacks and whites. We repeated the analyses stratified by community-acquired, healthcare-associated, and hospital-acquired sepsis subtypes. Of 10,244,780 hospitalizations in our cohort, 1,114,386 (10.9%) had sepsis. Sepsis subtypes included community-acquired sepsis (61.8%), healthcare-associated sepsis (23.8%), and hospital-acquired sepsis (14.4%). Although the proportion of discharges with sepsis was lower for blacks than whites (106.72 vs 109.43 per 1,000 hospitalizations; p < 0.001), the proportion of black sepsis hospitalizations was higher for individuals greater than 30 years old. Blacks exhibited lower adjusted sepsis hospital mortality than whites (odds ratio, 0.85; 95% CI, 0.84-0.86). The adjusted odds of hospital mortality following community-acquired, healthcare-associated, and hospital-acquired sepsis were lower for blacks than whites. Conclusions: In this current series of hospital discharges at U.S. academic medical center-affiliated hospitals, blacks exhibited lower adjusted rates of sepsis hospitalizations and mortality than whites. (Crit Care Med 2018; 46:878-883) 
S epsis, the syndrome of life-threatening organ dysfunction resulting from a dysregulated host response to infection, is a major public health problem in the United States, accounting for over 750,000 hospital admissions, 850,000 emergency department visits, and contributing to 200,000 deaths annually (1) (2) (3) (4) . Racial disparities in healthcare are important, suggesting potential gaps in the identification of disease or delivery of care (2) . Prior epidemiologic studies have shown that age-and sex-standardized population rates of sepsis is higher in blacks than whites, attributing these disparities to differences in biological susceptibility, and higher rates of infection as well as organ dysfunction in the black population (5, 6) .
Prior studies using hospital discharge data to evaluate sepsis racial disparities have important limitations. The data for these efforts originated from a limited number of states and may not reflect national patterns. These studies also used older datasets dating back to 2000 and may not accurately reflect current patterns of sepsis care, which may have evolved with the promotion of international sepsis care guidelines (7) . These studies also could not discern important sepsis phenotypes such as community-acquired sepsis (CAS), healthcare-associated sepsis (HCAS), and hospital-acquired sepsis (HAS), which have different origins, courses of care, and outcomes (8) .
The Vizient Consortium Clinical Database/Resource Manager (CDB/RM) provides contemporary data on patients hospitalized at academic medical center-affiliated hospitals across the United States. In this study, we sought to characterize racial disparities in sepsis hospitalizations and outcomes in the Vizient Consortium.
MATERIALS AND METHODS

Study Design
We conducted a retrospective analysis using hospital discharge data from the Vizient CDB/RM (9) . The study received approval from the Institutional Review Board of the University of Alabama at Birmingham.
Data Description
Vizient is a collaboration of academic medical centers and their affiliated hospitals from 42 states in the United States (9) . This consortium of 120 not-for-profit academic medical centers and nearly 300 affiliated hospitals aims to improve institutional, clinical, operational, and financial performance.
As part of quality comparison, and improvement initiatives, Vizient maintains hospital discharge dataset (the CDB/RM), encompassing information on all discharges among consortium hospitals voluntarily contributing data. The CDB/RM includes all elements of the standard UB-04 hospital discharge dataset, including patient demographics, discharge diagnoses, procedures, and outcomes. A UB-04 dataset stems from a standardized uniform billing form approved by Center for Medicare and Medicaid services for hospitals to submit bills to third-party payers (10) . As Vizient Consortium extrapolate data based on hospital billing related procedures from hospital discharge data, we do not have patient-related care information, such as laboratory values and vital signs. The Vizient CDB/RM has been used in a range of scientific studies and quality improvement initiatives (8, (11) (12) (13) .
Case Selection
The selected study participants were patients hospitalized with sepsis from January 1, 2012, to December 31, 2014. We excluded patients less than 18 years old, patients with reported age greater than 120 years, prisoners, transferred patients, law enforcement patients, hospice patients, and patients with unknown hospital discharge status, missing race information, missing diagnosis, or with a race other than black or white (Fig. 1) . We did not exclude participants who were rehospitalized for sepsis.
Using the taxonomy of Angus et al (1), we defined sepsis as hospitalizations with International Classification of Diseases, Ninth revision, discharge diagnoses for both a serious infection and organ dysfunction. We expanded the Angus definition to include diagnosis codes for pulmonary organ dysfunction: 518.8 (respiratory failure), 786.03 (apnea), and 799.1 (respiratory arrest). We included hospitalizations with discharge codes 995.92 (severe sepsis) and 785.52 (septic shock) as sepsis. We additionally selected patients with discharges with code 995.91 if it was associated with a corresponding organ dysfunction code. This approach has been shown to have modest sensitivity, but high specificity, modest to high positive predictive value, and high negative predictive value (14, 15) . In contrast, approaches limited to explicit codes have been shown to have very low sensitivities (14, 15) . Although the recent Sepsis-3 consensus guidelines suggest revised definitions for sepsis and severe sepsis, we opted to use the Angus approach because the Sepsis-3 definitions cannot be operationalized with conventional discharge datasets (16) . Furthermore, we wished to facilitate direct comparison with prior discharge-diagnosisbased assessments of sepsis racial disparities (5) .
Hospital-acquired infections have different mechanisms, microbial patterns, treatment strategies, and outcomes than community-acquired infections (8) . In addition, infections acquired in healthcare settings such as long-term care facilities and nursing homes have etiologic features distinct from community-acquired infections (17) . Prior studies could not distinguish diagnoses present on hospital admission from those developing at later points of hospitalization and thus could not differentiate CAS from HAS (5, 6) . A unique feature of the Vizient CDB/RM is the presence of "present at admission" flags for each discharge diagnosis. Following our prior strategy, we categorized cases with serious infection and organ dysfunction concurrently present at admission as CAS (8) . We categorized sepsis cases with both infection and organ dysfunction not present at admission as HAS. Furthermore, using the patient origin data field, we classified CAS cases originating from a nursing home, those on dialysis at the time of hospitalization, and those admitted to the hospital in the prior 30 days as HCAS.
Outcomes
The primary outcomes were sepsis hospitalization and hospital mortality. Hospital mortality was obtained using discharge status codes. Prior studies have shown that discharge disposition as coded in the CDB/RM has high concordance with patientlevel case audits (18) . Additional outcomes of interest were number of organ dysfunction, and ICU admission at any time of hospitalization.
Covariates
Other examined variables included age, gender, and insurance pay type, weighted Charlson comorbidity index, ICU length of stay, 3M All Patient Refined Diagnosis Related Group (APR-DRG) risk of mortality, and severity of illness at admission. We calculated weighted Charlson scores using secondary diagnostic codes and categorized the scores as 0, 1-2, 3-4, and greater than 5 (8, 19) . The All Patient Refined severity of illness and risk of mortality are determined by the 3M APR-DRG Grouper System developed by 3M Health Information Systems (Saint Paul, MN) and assigns a category of risk (minor, moderate, major, or extreme) in a disease-specific manner based on the underlying problem and complicating or comorbid conditions (20) .
Data Analysis
We identified the proportion of sepsis discharge hospitalizations for each race category (blacks and whites). We also www.ccmjournal.org
June 2018 • Volume 46 • Number 6 determined age-stratified sepsis hospitalizations for each race group. Using chi-square and t tests, as appropriate, we compared patient characteristics between blacks and white sepsis patients, including age, gender, insurance type, admission type, APR-DRG risk of mortality, APR-DRG severity of illness, ICU admission, length of hospital stay, and hospital mortality. To evaluate the association between race and sepsis mortality, we fitted a multivariable random intercept regression model with hospital mortality as the primary outcome and race as the main exposure. We fitted hospital as a random intercept in order to account for the clustering of patients within each hospital. Model 1 assesses association between sepsis mortality and race adjusting for the hospital clustering. Model 2 includes model 1 and further adjustment for age, gender, year, and risk of mortality at admission. We repeated all analyses stratified by sepsis subtypes (CAS, HCAS, and HAS). We further repeated these analysis for sepsis and sepsis subtypes for each race groups (18- . Considering that not all sepsis cases are high acuity, we conducted sensitivity analyses and replicated the main associations in those who were admitted to ICU, and those who had more than two organ dysfunctions. We conducted all the analyses using Stata 14.1 (Stata, College Station, TX).
RESULTS
During 2012-2014, there were 14,961,224 hospitalizations among 249 hospitals. We included 10,244,780 in the analysis (Fig. 1) (Supplemental Fig. 1 , Supplemental Digital Content 1, http:// links.lww.com/CCM/D289; legend = age-stratified sepsis hospitalizations by sepsis subtypes). Similarly, while CAS was less common in blacks than whites (63.43 vs 68.53 per 1,000; OR, 0.87; 95% CI, 0.86-0.88; p < 0.001), CAS hospitalization was more common for blacks greater than 30 years old. HCAS was more common in blacks than whites (29.46 vs 24.76 per 1,000; OR, 1.30; 95% CI, 1.29-1.32; p < 0.001); this association persisted for all age deciles. HAS was less common in blacks than whites (18.78 vs 20.50 per 1,000; OR, 0.86; 95% CI, 0.85-0.87; p < 0.001); on age stratification, HAS hospitalization rates were higher for blacks less than or equal to 50 years old.
Black individuals hospitalized for sepsis were younger than whites (Supplemental Table 1 , Supplemental Digital Content 2, http://links.lww.com/CCM/D290). The most frequent type of insurance for both blacks and whites was Medicare. Blacks were more likely to be on Medicaid. Charlson comorbidity scores were higher for blacks than whites. Among all sepsis subtypes, the number of organ dysfunctions was similar for whites and blacks (Supplemental Table 2 , Supplemental Digital Content 3, http:// links.lww.com/CCM/D291). Similar proportions of whites and blacks had multiple organ dysfunctions (≥ two organ dysfunctions; 22.38 vs 23.62%). Blacks were more likely to have renal dysfunction, whereas whites were more likely to have respiratory, cardiovascular, and hematologic dysfunction. Similar patterns of organ dysfunctions by race were observed for each sepsis subtype (CAS, HCAS, and HAS). For CAS, blacks were less likely to have major or extreme risks of mortality. Approximately, 40% of all sepsis discharges were admitted to the ICU at some point during hospitalization, and this was similar between blacks and whites for all sepsis subtypes.
Sepsis hospital mortalities were all sepsis 12.3%, CAS 10.1%, HCAS 13.2%, and HAS 20.7%. Mortality was lower for blacks than whites in all sepsis subtypes after adjusting for age, gender, risk of mortality, and year in random intercept models: all sepsis OR, 0.85 (95% CI, 0.84-0.86); CAS 0.85(0.83-0.87); HCAS 0.91 (0.88-0.94); HAS 0.94 (0.91-0.98) (Supplemental Table 3 , Supplemental Digital Content 4, http://links.lww. com/CCM/D292; and Fig. 2 ). When further stratified by age groups, adjusted measures of association indicated lower odds of mortality for blacks for all sepsis and CAS in the older age groups (Supplemental Table 4 , Supplemental Digital Content 5, http://links.lww.com/CCM/D293 and Supplemental Table  5 , Supplemental Digital Content 6, http://links.lww.com/CCM/ D294). However, these associations were generally attenuated for HCAS and HAS (Supplemental Table 6 
DISCUSSION
In these data from the Vizient Consortium, there was a higher proportion of sepsis hospital discharges among whites than blacks. However, these associations varied by age strata and sepsis subtypes, with older blacks exhibiting higher sepsis rates than older white patients. Hospitalization characteristics were largely similar between blacks and whites. The adjusted odds of sepsis hospital mortality were lower for blacks than whites across sepsis subtypes.
Our finding of higher sepsis mortality in whites than blacks contrasts with prior studies. Using 2000 and 2005 hospital discharge data from seven states, Barnato et al (5) and Mayr et al (6) identified higher age-standardized sepsis incidence and 
Figure 2.
Adjusted odds ratio between sepsis mortality and race derived using mixed-effects method.
case fatality rates for blacks compared with whites, attributing these differences to variations in hospital characteristics, socioeconomic status, infections rates, and risk of organ dysfunction. Using statewide data, the authors assumed that all severe sepsis cases occurring in these communities were captured and produced population-based estimates of sepsis incidence and fatality. Our analysis differs in that the Vizient Consortium does not contain all hospitals in a given community. We view our article not as a measure of the total community extent of sepsis, but as an indicator of the characteristics of sepsis patients presenting to this national hospital consortium. Several observations support the validity of our findings. The Vizient CDB/RM contains national data reflecting a geographically diverse set of hospitalizations from the nation's leading academic medical center-affiliated hospitals, while not nationally representative, these data arise from hospitals across the country, providing a more representative sample as compared with prior estimates that were produced using data from single or several states. Our findings are consistent with other hospital-based datasets. For example, Sandoval et al (21) also observed lower sepsis mortality in racial minorities compared with whites in acute care, nonfederal California hospitals. Similar to prior studies using National Inpatient Sample and National Hospital Discharge Survey, we also observed few racial differences in the number of comorbidities and organ dysfunctions (22, 23) . Interestingly, these prior studies did not find any racial differences in sepsis-related mortality rates. Our data are also more contemporary relative to prior reports. Over the last 10 years, international efforts have sought to improve the recognition and treatment of sepsis, which may have increased both the rates of sepsis documentation and survival (24) . Sepsis documentation practices have also evolved, potentially influencing observed racial differences (25) .
In contrast to prior efforts, we were able to stratify the analysis by sepsis subtype, highlighting important observations. For example, while CAS and HAS were less common among blacks compared with whites, HCAS rates were higher for blacks. The higher HCAS rates in blacks may be explained by higher rates of infections among nursing home patients as well as the higher rates of hospital readmission (26) . However, HCAS was more common in younger blacks and older whites, suggesting the presence of additional factors driving these patterns. Our observations underscore the likely differences in epidemiology, etiology, course, and outcomes between sepsis subtypes. These explanations are further supported by our sensitivity analyses where HAS-related mortality was slightly higher among those who had more than two organ dysfunctions, underscoring potential etiologic factors driving these disparities. Additional studies are needed to elucidate the influence of these factors in driving racial differences in sepsis outcomes.
There are several important limitations in our study. We identified severe sepsis using the Angus taxonomy, which assumes a connection between a documented infection and organ dysfunction. However, it is impossible to verify that the two entities are in fact related in given patients. The Angus strategy may also be impacted by coding practices. However, the Angus approach has been widely used in epidemiologic studies including prior studies using Vizient Database (12, 13, 15, 27) . Although the use of Angus algorithm to identify these sepsis phenotypes in administrative databases is a point of debate, this approach is still most reasonable and has shown to have high specificity, modest to high positive predictive values, and high negative predictive value over other approaches compared with chart review (14, 15) . While the chart review is the gold-standard approach for accurate assessments of sepsis subtypes, it is not feasible in this extensive dataset of Vizient Consortium.
Hospital discharge data are influenced by recall and documentation bias and may be driven by factors unrelated to clinical care. While we used a large, geographically diverse administrative database, the Vizient CDB/RM data are not nationally representative. This prevented us from estimating age and gender standardized sepsis rates similar to prior studies. Our data do not include community hospitals unaffiliated with academic medical centers. We did not examine neighborhood factors that may have confounded the associations between race, sepsis care, and outcomes (28) .
We studied in-hospital mortality as we did not have access to longer term outcomes. While we used 3M APR-DRG risk of mortality for risk adjustment, this measure was not designed specifically for sepsis patients. Our observations may also be driven by differences in age, geographic location, hospital characteristics, hospital variation, and organ dysfunction (5, 6) . While there could be racial differences in sepsis care, we could not assess these variations within this dataset.
CONCLUSIONS
In conclusion, in these contemporary data from U.S. academic medical center-affiliated hospitals, blacks exhibited lower odds of sepsis hospitalizations and adjusted sepsis death than whites.
